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SULMLIARY
fhis popore sunnarices progress for the tirst year of grant
Slosien-ua33-0) ontitled "Adaptation and Resistance of
Toosyvatens to Stress.,  This research employs naturally-derived,

nilcreicial wmicrocosms to evaluate the ability of of aquatic
communities to adapt to stress. A series of laboratory toxicity
ests have been conducted exanmining structural and functional

responses of microbial communities to a sequence of stresses.

Ientative

Q

onclusions from early research suggest that there is
no detectable acclimation at the community level after low level
cadmium exposure. DMore severe stress appears to be necessary to
produce detectab’ e increases in tolerance to subsequent stress.
Acclination was observed for net daily metabolism of communities
developed 1in zinc and subsequently exposed to zinc, for gross
primary production and respiration in communities colonized in
zinc and then exposed to cadmium, and for species richness of

communities colonized in zinc and then exposed to acidic pH.
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INTRODUCTION
‘iThis report sunmarizes progress for the first year of grant

ATOBSR-85-0033~07 entitled "Adaptation and Resistance of

04

Ecosystems to Stress". The purpose of this research is to
cvaluate the ability of communities to adapt to stress.
Adaptation and decreased resistance have been observed at the
population level (e.g. Cairns et al. 1976, Duncan and Klaverkanp
1983, Wels and Weis 1989). But, although there is much
speculation about unique mechanisms of adaptation possible at
levels of biological organization higher than the population,
therc have been few experiments examining the adaptation of
connunities to stress (e.g., Fisher 1977, Blanck and Wangberg
1988) . Because multiple insults to natural systems are quite
common, adaptation and resistance are likely to be important
factors in determining the response of natural systems to
anthropogenic stress. An understanding of the abilities of
ccosystems to adapt to stress, or of possible multiplicative
effects of repeated insult, may improve the ability to predict
the effects of human activities on natural systems.

This research ewploys microbial communities developed on
artifical substrates as microcosms to evaluate the ability of
aquatic communities to adapt to stress. These communities are
naturally-derived and can be easily be maintained in the
laboratory, providing a practical experimental unit for studies

on tho recponse of comnunities to repeated stress.




OBJECTIVES
The original objectives of this study were to:

deterrine whether communitices with a history of stress

.

respond differently to subsequent stress than do unstressed
conmunities,
2. deternine whether adaptations are generalizable from one type
of stress to another,

We also identified two possible sub-objectives which are
contingent on observations of adaptation in laboratory tests:
3. characterize possible mechanisms of observed adaptations,
4. and, analyse commcnalities between stresses to which

comnmunities adapt.

RESEARCH PROGRESS

The first year of research has involved range-finding tests
for a variety of stresses, and the screening of combinations of
colonization conditions and subsequent stresses to identify
adaptive responses. Two groups of tests have been completed.
First, full scale comparative toxicity tests have been conducted
comparing the acute and chronic sensitivity to zinc of control
communities and communities developed under a minimal cadmium
stress. Second, screening tests have compared the response of
communities developed under 3 levels of zinc stress to subsequent
acute exposure to a variety of chemicals at a level sufficient to

reduce taxonomic richness by approximately 50%.




Matcrials and Methods

Periphytic communities werc obtained by suspending
polvurethane feoam (PF) artificial substrates (6.0 x 5.0 x 3.75
cm) just below the surface in a 1 m depth in Pandapas Pond, a
man-made impoundment in Jefferson National Forest, Montgomery
County, VA. The substrates colonized for >14 4, then were
retrieved, transported to the laboratory, and acclimated to
laboratory temperatures at the rate of 2°¢ per day. One
naturallv-derived substrate was suspended in the center of each
test chamber of high density polyethylene (35 x 28 x 15 cm)
containing 7.5 L of test media. These naturally-derived
substrates served as epicenters (i.e., species exporting units)
and provided a source of colonists for the development of new
comnmunities on six initially barren, island substrates suspended
around the epicenter in colonization tanks (Figure 1).

Colonization anrd test media used carbon dechlorinated tap
water as diluent (mean hardness 70 mg/L, pH 7.7). Stressed
communities were developed in water amended with a stock solution
of cadmium chloride or zinc sulfate. Media was renewed 1 X
weekly in early tests. 1In later tests media was replaced
continuously by peristaltic pump with volume replacement in 2.4
d. Light was provided by 4 4' Vita-lite full spectrum bulbs
{(coler rendering index > 90, Durotest Corp.) yielding a photon
flux density (400-700 nm) at the water surface of 100 uE m 2 s~ 1.
Both colonization and toxicity tests were conducted at ambient
room temperatures that ranged from 18.0 to 23.0°C. Photoperiod
was 12 h light and 12 h dark. 1Island communities were colonized

for 3 wk kefore being exposed to a secondary stress.




In the full scale acute test, substrates were colonized
under two conditions. Control substrates were colonized in
unamended dechlorinated tap water. Stressed substrates were
developed in water amended with 1 ug Cd L™1. This level of
cadrium reduced protozoan species richness by 20% 1n previous
tests (i.e., the inhibitory concentration for 20% or IC20), and
approximated the lowest observable effect concentration (LOEC)
when compared to the control, for a number of responses
(Niederlehner et al. 1985, Table 1). Substrates from the two
pretreatment groups were randomly assigned to 6 posttreatment
groups: exposures of 0, 500, 1,000, 2,000, 4,000, 8,000, and
16,000 ug Zn L"1. Each substrate was placed in a 600 ml
borosilicate glass beaker containing 500 ml of media. Substrates
were exposed for 48 h. Each treatment was replicated four times.
Replicates were set up over a 10 d period with replicates of each
treatment interspersed through time according to a partially
confounded split plot design.

In the full scale chronic test, substrates from each of the
two pretreatment groups, i.e., control and 1 ug L™! cadmium
stressed, were randomly assigned to 6 posttreatment groups
consisting of zinc exposures of 0, 10, 32, 100, 320, 1,000, and
3,200, ug Zn L-l. Each substrate was suspended at one end of a 6
L glass acuarium (25 x 16 x 16 cm) containing 5 L of media. One
initially barren PF substrate was suspended at the other end.
After a 7-d exposure, the island substrates were sampled. Each

treatment was replicated three times. Replicates were blocked




over time so that one complete set of treatments was set up every
other day over 5 days.

In a series of screening tests, substrates were developed
under three stress conditions. The unstressed pretreatment had
no added zinc. A low stress group was dosed with 50 ug Zn L—l,
the IC30 for protozocan species richness in chronic exposure, and
a moderate stress group was dosed with 225 ug Zn L—l, the chronic
IC50 based on previous tests (Pratt et al. 1987b, Table 1).
Substrates from each pretreatment group were randomly assigned to
two posttreatment groups, a control and the acute IC50 of
toxicant based on preliminary range-finding tests (Table 2).
Replication was blocked over time and one complete set of
treatments was set up each week for three sequential weeks. Each
substrate was placed in a 600 ml borosilicate glass beaker
containing 500 ml of media. Substrates were exposed for 48 h.

After exposure to the secondary stress, several responses of
communities were monitored. The substrate was removed from the
test tank and destructively sampled. Material from the
interstices of the substrate was collected by decanting excess
liquid, then squeezing each substrate over a sterile 250-ml
polystyrene sample cup, resubmerging the substrate, and squeezing
agaln to dryness.

Species richness of protozoan communities was determined
within 36 h of sampling by microscopic examination of live
samples. Two to three drops of material from the bottom of the
beaker were pipetted onto microscope slides and covered with a
No. 1, 22-mm coverglass. The entire coverglass was s~2nned at

200 and/or 450X total magnification. Protozoanrs were
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distinquished to the lowest practical taxon based on gross
morphology and behavior (Curds 1982, Curds et al. 1983, Huber-
Pestalozzi 1941-1968, Kahl 1930-1935, Lee et al. 1985, Page 1976,
Pascher 1913-1927). Generally, identification to genus or
species was possible. If taxonomic identification was uncertain,
observations and drawings or photomicrographs were made to ensure
conslistent identification over the course of the experiment.

Subsanmples from each sample were examined until an asymptotic

nunber of species was reached. Generally, two subsamples were
required and >1000 individuals were identified.
Nontaxonomic responses of substrate communites to stress

were monitored. In vivo fluorescence (IVF) was measured on a

Turner Designs fluorometer, expressed as fluorescent units (FU),
and used as an index of algal biomass (Lorenzen 1966). Ash free
dry weight (AFDW) was determined by filtering a 10 ml aliquot on
a preashed GF/A glass fiber filter, drying at 105 © C for 24 h,
weighing to the nearest 0.01 mg on a Cahn electrobalance, ashing
at 500 © C for 1 h, wetting the filters, redrying, and reweighing
them. AFDW was expressed as mg AFDW L™l of substrate conients
and used as an index of total biomass. Respiration to biomass
ratios were monitored using the dehydrogenase assay developed by
Owens and King (1975) and expressed as ug 0, mg arpw~! n™l. 1n
screening tests gross primary production (GPP as mg 0, beaker™t
12 h'l) and community respiration (CR as mg O, beaker “1l o4 h—l)
were estimated from dissolved oxygen measurements during the

later part of the exposure. After 24 h, the beaker was covered

with gas impermeable plastic film (e.g., Saran Wrap; Giddings and
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Eddelmon 7 "d) and the dissolved oxygen content of the water
monitored immediately after the lights turned on in the morning,
‘mmedlately after the lights turned off in the evening, and
immediately atter the light turned on the following morning.
This data was used to calculate production, respiration, and net
daily metabolism within each beaker according to the method of
McConnell (1962).

Statistical differences between treatment groups were

evaluated using 2 way ANOVA. Significance of the interaction
suggests that communities developed with and without stress are
responding differently to the subsequent stress, e.g., adaptation
or decreased resistance may be occuring. In absence of
interaction, the significance of the main effect for pretreatment
suggests that communities colonized under stress were different
fron those colonized with no added toxicant. Similarly,
significance of the main effect for posttreatment suggests that
that the second stress significantly affected communities.

In full scale comparative toxicity tests two types of effect
levels were calculated to compare the relative response of
pretreatment groups. LOECs were calculated separately for each
pretreatment group using one-way ANOVA and Duncan's multiple
range test. IC20 values were calculated by interpolating between
adjacent values using a log scale.

Differences in taxonomic composition of communities were
exanined with Hendrickson's M statistic (Hendrickson 1978) which
compares the number of positive matches in taxa for all pairs of
substrates. Comparisons were made stepwise, by recalculating the

statistic after sequential elimination of the highest treatment
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groups 1nitially, but posttreatment exposures to zinc did have
significant effects con composition (Table 3) and treatments
clustered out according to posttreatment concentrations rather
than pretreatment (Figure 4).

Results of the full scale chronic test are summarized in
'aple 4 and Iigures 5-10. In contrast to the acute test, no
significant differences between pretreatment groups were
identified (Table 4). Species richness of control communities
was 41.3 £ 4.9 vs 41.7 + 5.7 for control vs cadmium stressed,
revpectively.  Subseguent zinc exposure strongly affected
srocies richness, algal biomass (IVF), morning dissolved oxygen,
and tarenonic composition, but stressed and unstressed
cormunlities responded in similar manners, all decreasing with

inareasing zinc concentration in both pretreatment groups

ures 5-7). Total biomass (AFDW, Figure 8) and respiration to
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“lowW NS Consi ' trend. Species composition (Figure 10) was
nost strongl i1fluenced by high zinc levels in posttreatment.
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Results cf tests screening the responses of communities
developed under 3 levels of zinc stress to a variety of secondary

tresses are summarized in Table 5 and Figures 11-16. Most

6]

interaction terms were insignificant, suggesting no difference

in response between stressed and unstressed groups. However,
interaction terms were significant for 6 out of 36 responses
monitored. The net daily metabolism of zinc stressed communities
was less affected by subsequent zinc exposure, suggesting
acclimation (Figure 11). Similarly, production and respiration
were severely reduced after cadmium exposure but changes were

less proncunced in zinc stressed communities than in the control

t

(Figure 14). When exposed to acidic pH, species richness was
less affected in communities previously exposed to zinc than in
control communities (Figure 15), and, when this test was
s~reated, similar results were obtained (Figure 16). Total
bicmass (AFDW) after exposure to acldic pH was also less affected

in previocusly stressed groups for the first test (Figure 15).

Conclusions

Following is a summary of our progress in terms of the original
objectives.

Cbjective 1: Do communities with a history of stress respond
differently to subsequent stress than do unstressed communities?

To date we have seen no effect of pretreatnent at minimal
levels of cadniun stress on subsequent sensitivity to acute or
chronic zinc exposure. Jje think that a more severe stress is

needed to induce an acclimation at the community level that we

are able to detect. This 1s consistent with the observations of

13
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Wels and Wels (1989) and others who suggest that there is no
acclimation at the population level until substantial damage has
occurred, i.e., adaptation is not without costs. 1In our tests,
communities exposed to any stress were generally less rich
taxonomically, with lower rates of production and respiration,
although they sometimes were indistinquishable in terms of
standing crop.

Screening tests of the acute sensitivity of communities
pretreated with higher levels of zinc stress show both
functional acclimations (net daily metabolism, production,
respiration) and structural acclimations (species richness, total
biomass). And an acclimation in one response was not accompanied
by similar acclimations in other responses.

Objective 2: 1Is adaptation generalizable from one stress to
another?

Screening tests to date have shown cross adaptation for
communities developed in zinc and exposed to cadmium and pH.

Objective 3: What are possibkble mechanisms of observed
adaptations?

Possible mechanisms of adaptation will be examined in follow
up tests.

Objective 4: What are commonalities between chemicals to
which comnunities are observed to adapt?

Additional screening tests are necessary before this

question can be addressed.

14




FUTURE PLANS

We are focusing continued efforts on acute screening tests
with communities developed under relatively severe stress
followed by full scale tests for combinations of stress resulting
in a significant adaptation or decrease in resistance. Possible
mechanisms of response, e.g., congeneric homeotaxis, will be
examined in full scale tests. The information from screening
tests will be combined to evaluate patterns in occurrence of
acclimation, as described in the original proposal. We are
currently colonizing substrates for full scale acute tests with
zinc followed by zinc, and zinc followed by acid. We are also
analyzing patterns over time in communities developed in zinc
over a long time period to differentiate early acclimation from

responses taking longer to develop.

15
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Table 1: Criterion concentrations for chronic stress based on

regressions of species richness (logit transformed) on

concentration (log transformed).

Stress Ic20 IC30 IC50 Reference
Ammonia (Un-ionized) 1.2 6.7 66.5 Cairns et al.
(ug L™1) 1988

Cadmium 1.1 2.2 6.6 Niederlehner
(ug L™L) et al. 1985
Chlorine 7.6 17.8 72.8 Pratt et al.
(ug L™1) 19¢e3

Copper 8.3 12.2 22.7 Pratt et al.
(ug L™1) 1987a

Diquat 0.2 0.4 2.1 Pratt et al.
(mg L71) 1989

pH 6.65 6.01 5.00 Cairns et al.
(units) 1988

Zinc 20.7 51.1 228.2 Pratt et al.
(ug L71) 1987b
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Table 2: Results of range-finding tests to find the degree of
stress necessary to reduce the species richness of a substrate
community by 50% within 48 h. Table entries are concentrations

followed by protozoan species richness.

Stress Control Low Medium High IC50
Ammonia-Total <0.02 10 100 1,000 35
(mg L™1) 36 27 10 2
Cadmium <2 200 1,000 6,000 138
(ug L™1) 33 16 4 2
Chlorine 0 - 10 100 i3
(ug L™1) 44 - 27 1
Diquat 0 1 3 10 0.7
(mg L™1) 36 15 11 5
p-Nitrophenol 0 1 10 100 74
(mng L™1) 37 31 28 16
pH 8.0 5.0 4.0 3.5 3.8
(units) 37 47 27 7
Sodium 4 10 100 1,000 230
(mg L™1) 37 34 28 7
Temperature change 0 20 30 40 14
(° ©) 44 20 12 1
Zinc 4 500 2,000 8,000 1,968
(ug L™ 40 32 23 6
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Table 3: Comparison of responses of unstressed (U) and cadmium

stressed (S) communities to subsequent acute zihc exposure.

LOECs IC20s p-values

pre- post-

treat- treat- inter-
Response Uvs S Uvs S ment ment action
Species
Richness <500 vs <500 <500 vs <500 0.0065 0.0001% O0.1161
IVF >16,000 vs 16,000 vs 0.2713 0.0112 0.9623
Taxonomic
Composition <500 vs <500 NC 0.1993 0.0001 NC

NC=not calculated
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Table 4: Comparison of responses of unstressed (U) and cadmium

stressed (S) communities to subsequent chronic zinc exposure.

LOECs IC20s p-values

pre- post-

treat- treat- inter-
Response U vs S U vs S ment ment action
Species
Richness 320 vs <10 159 vs 100 0.1%945 0.0001 0.6915
Ash Free
Dry
Weight >3,200 vs >3,200 NC 0.3726 0.,0813 0.8900
IVF 100 vs 3,200 49 vs 409 0.8800 0.0001 0.4207
Morning
Dissolved
Oxygen 320 vs 320 359 vs 421 0.6141 (.0001 0.9993
Respiration
to Biomass
Ratio >3,200 vs >3,200 NC 0.8015 0.2840 0.8495
Taxonomic
Composition 32 vs <10 NC 0.6348 0.0001 NC
NC=not calculated

21




Table 5: 0 ANOVA results comparing responses of communities

leveleoned under threoe levels of zinc stress to subsequent stress

2T oan acute 1030, Table values are p-values. Abbreviations are
Tollows:  AFDwW=ash free dry weight, IVF=in vivo

Cluorosoence, NDli=ncet daily metabolism, GPP=gross primary

nroduet Zy, CR=community respiration.
o DPre- Post-
creatnent: treatment treatment
Resyponse  Hain Zffect Main Effect Interaction
Zinc:
Richness 0.0310 0.0054 0.8168
AFDS ¢.1001 0.5793 0.7570
JIAA 0.2231 0.6139 0.3810
DM 0.0042 0.0021 0.0230
GprpP 0.7841 0.0142 0.3323
CR 0.1260 0.1032 0.9016
p-liitrophenol:
Richness 0.0011 0.0001 0.4945
AFDW 0.1161 0.9610 0.3479
IVF 0.4693 0.0001 0.5908
NDM 0.1797 0.0259 0.1749
GPP 0.3773 0.6349 0.8728
CR 0.3534 0.9874 0.9122
Sodium Chloride:
Richness 0.0001 0.0028% 0.1122
AFDW 0.0009 0.1560 0.1404
IVF 0.0016 0.3364 0.8091
1TDM 0.2741 0.3699 0.5387
GPP 0.0007 0.3247 0.2296
CR 0.0002 0.0710 0.111¢9
Cadmium:
Richness 0.0001 0.0001 0.1123
AT DW 0.0019 0.1745 0.1571
Ivr 0.0039 0.8512 0.8692
DM 0.0271 0.0028 0.2400
GPP 0.0007 0.0012 0.0162
CR 0.0001 0.0038 0.0380
22




-~ R
fable 5:

ot - ro- Post~
troitmenc: treautment treatment

Main Effect Interaction

L1806

nichness SLo002 0.6627 0.0091
AL 0.02306 0.9298 0.0049
FRASS L. 1a3 0.2289 0.9138
Nol CLel71 0.0016¢ 0.9474
G 2.0922 0.0011 0.7473
T U.u337 0 447 0.8072
U.an30 0.0188 0.0236

L. JIRY] ] 0.2750 0.1174

0.1744

Lol D.C724 0.0002 0.2969
FEN U.17301 0.0315 0.2596
b L0330 0.6262 0.06899
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1: Test system diagram. A naturally-derived epicenter
surrounded by six initially barren island substrates.
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Figure 3: Effects of acute zinc exposure on the in vivo

fluorescence of unstressed and cadmium stressed communities.
Control communities are represented with a solid line; stressed
communities with a dashed line. Bars represent one standard
deviation.
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Figure 5: Effects of chronic zinc exposure on the species
richness of unstressed and cadmium stressed communities. Control
communities are represented with a solid line; stressed
communities with a dashed line. Bars represent one standard
deviation.
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Figure 6:
fluorescence of unstressed and cadmium stressed communities.
Control communities are represented with a solid line; stressed
communities with a dashed line.
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Figure 11: Effects of acute zinc exposure on responses of
unstressed and zinc stressed communities. 2ZNO, 2N1, and ZN2

refer to the three pretreament groups. The control
posttreatment group (C) is represented by a shaded bar. The
stressed posttreatment group (ZN)is represented by an empty bar.
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Figure 12: Effects of acute p-nitrophenol exposure on responses
of unstressed and zinc stressed communities. ZNO, ZN1, and ZN2
refer to the three pretreatment groups. The control
posttreatment group (C) 1is represented by a shaded bar. The
stressed posttreatment group (PNP) is represented by an empty bar.
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Effects of acute sodium chloride exposure on

responses of unstressed and zinc stressed communities. ZNO, ZN1,

and ZN2 refer to the three pretreatment groups.

The control

posttreatment group (C) 1s represented by a shaded bar. The
stressed posttreatment group (NACL) 1is represented by an empty

bar.
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Figure 14: Effects of acute cadmium exposure on responses of
unstressed and zinc stressed communities. ZNO, ZN1l, and ZN2 refer
to the three pretreatment groups. The control posttreatment
group (C) 1is represented by a shaded bar. The stressed
posttreatment group (CD) 1is represented by an empty bar.
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